Mechanical and thermal stability of adhesive membranes with nonzero bending rigidity.
Membranes at a microscopic scale are affected by thermal fluctuations and self-adhesion due to van der Waals forces. Methods to prepare membranes of even molecular scale, e.g., graphene, have recently been developed, and the question of their mechanical and thermal stability is of crucial importance. To this end we modeled microscopic membranes with an attractive interaction and applied Langevin dynamics. Their behavior was also analyzed under external loading. Even though these membranes folded during isotropic compression as a result of energy minimization, the process at high confinement was similar to crumpling of macroscopic nonadhesive sheets. The main difference appeared when the compression was released. In such cases, for membranes of sufficiently large size, folded or scrolled conformations emerged. At high temperature entropic effects made such conformations unfavorable, however.